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International application No. PCT/GB99/03000 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed 13 and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 
Description, pages: 

1-27 as originally filed 

Claims, No.: 

1-17 as received on 1 6/1 0/2000 with letter of 1 6/1 0/2000 

Drawings, sheets: 

1/7-7/7 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

O the claims, Nos.: 18-21 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-17 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


4-7, 13-16 




No: 


Claims 


1-3, 8-12, 17 


Industrial applicability (IA) 


Yes: 


Claims 


1-17 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 
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Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability: citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1: A. LAMBERT et al.: "Optical image processing using liquid crystal displays", 
DATABASE INSPEC [Online] INSTITUTE OF ELECTRICAL ENGINEERS, 
STEVENAGE, GB, Database accession no. 5774678, XP0021 26433 

D2: A. LAMBERT et al.: "Optical image processing using liquid crystal displays", 
CONFERENCE PROCEEDINGS OF DICTA-95 - DIGITAL IMAGE 
COMPUTING: TECHNIQUES AND APPLICATIONS, Brisbane, Old., Australia, 
6-8 DEC. 1995, pages 354-359, 1995, Australian Pattern Recognition Society, 
Australia; XP0008655743 

D3: EP-A-0 547 599 (TEXAS INSTRUMENTS INC.) 

D4: US-A-5 448 395 (M.A. LOPEZ et al.) 

D2 is the full-text version of the article summarized in D1 . D3 and D4 have been cited 
by the applicant. 

2. The subject-matter of claims 1 and 12 does not involve an inventive step as defined 
in Article 33(3) PCT and, consequently, the inventive step question set forth in Article 
33(1) PCT must be answered negatively. 

3. The problem considered in D3 and D4 is that of controllably directing selected 
portions (e.g. pixels) of an image onto a small-size light detector. 

In D3, each pixel of each frame of a video sequence is directed onto a single-cell 
sensor 15 by means of a movable pixel element 41 and a lens 14 (D3, column 3, 
lines 5-9, column 4, lines 12-19). By controlling said movable pixel element 14, which 
is part of a spatial light modulator (heretofore SLM) 1 1 implemented by a deformable 
mirror device, each pixel of an image frame can be directed onto the sensor, one 
pixel at a time during a so-called pixel-time (D3, column 4, lines 51-55). 
One or more movable pixel elements can be switched (possibly with different tilt 
positions) so as to implement a pattern on the SLM that directs the desired portions 
of the input image onto the one (or more) sensors (D3, from line 51 of column 6 to 
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line 13 of column 7). 

In D4, a wide field of view can be focused on a small-size electro-optical sensor, e.g. 
128x1 or 128x128 (D4, column 1, lines 13-17 and 19-22) without any mechanical 
moving parts by means of an optical system including an SLM 28 having plural 
shutters 30 (see fig. 2) implemented by either liquid crystals or silicon-micro-mirrors 
(D4, from line 61 of column 1 to line 2 of column 2; see also column 2, lines 52-54). 
The wide field of view image is divided into a plurality of contiguous sub-images, each 
sub-image being sequentially focused onto the sensor one-at-a-time (D4, column 2, 
lines 4-21). The shutters of said SLM can be controllably opened so that various 
"patterns" are created thereon, e.g. they can be opened sequentially one-at-a-time 
(D4, column 4, lines 18-22) or they can be all opened (D4, column 4, lines 31-36) 
and/or closed either singularly or in groups (D4, column 4, lines 36-40). 

4. The subject-matter of present independent claims 1 and 12 lacks an inventive step 
when compared with the disclosures of either D3 or D4 because both prior art 
arrangements include an SLM on which, as recited in claims 1 and 12, "a pattern" 
(claim 1 , line 4) is displayed and modified so as to "scan the scene image over the 
detector over time" (claim 12, line 6). 

Neither the claimed pattern, nor the claimed SLM are further characterized in the 
independent claims, they are only mentioned therein. 

Therefore, the fact that the pattern an the SLM of the present application might differ 
from those of either D3 or D4 needs not to be considered for assessing the inventive 
merit of the claimed subject-matter. 

The subject-matter of claims 1 and 12 does not therefore involve an inventive step 
(Article 33(3) PCT). 

Dependent claims 2, 3, 8-1 1 and 17 apparently refer to implementation details and 
additional features of the invention which add nothing inventive to the subject-matter 
of the claims from which they depend. As the parent independent claims do not meet 
the inventive step requirements of Article 33(3) PCT, these requirements would also 
not be met by an independent claim amended so as to include the subject-matter of 
said dependent claims. 



5. The present international application, considered as a whole, differs from the prior 
art arrangements of e.g. D3 and D4 by the particular types of displayed pattern. 
The application describes (cf. e.g. page 12) and claims, cf. e.g. claims 4-7 and 13- 
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16, that said displayed pattern is the binarized pixel representation of the linear 
combination of a quadratic chirp function 42a and of a diffraction grating 40. 

6. Although neither D3 nor D4 discloses or even only suggests generating chirp function 
and diffraction grating patterns on the SLM, it is generally known in the art e.g. from 
D1/D2 that patterns can be controllably generated on a SLM, notably including linear 
diffraction gratings and chirp functions, either alone or in combination. 

D2 describes generating on said SLM a chirp exponential function (cf. paragraph "3." 
bridging pages 356 and 357) and a modified chirp function obtained by multiplying 
a centred chirp function by a complex valued constant, which has the effect of 
producing an off-centre chirp (cf. page 358, paragraph "4."). It is self evident that the 
modified chirp function of D2 is thus equivalent to the combination of a linear 
diffraction grating with a chirp function (cf. e.g. figures 12A, 12B and 12D of the 
present application). 

The problem considered in D1/D2 is that of performing defined small shifts of the 
image, that is, image shifts being a fraction of the detector pixel size. It is in fact 
desired to extract sub-pixel information from the image e.g. by correlation. This 
problem is solved by using the SLM with a chirp function shifted slightly off-centre so 
that it will optically behave like a misaligned lens (cf. D2, page 359, last paragraph 
"6."). 

D2 compares the range of image shifts obtainable by using a chirp function as 
opposed to those possible by using a traditional phase ramp in the Fourier transform 
plane (cf. paragraph "5." on pages 358 and 359), and sets out that a larger range of 
shifts are possible by using the chirp function. However, it appears that instead of 
using said larger range of shifts for performing larger macroscopic image shifts, as 
done in the present application, D2 limits itself to small but accurate sub-pixel image 
shifts, and that therefore D2 teaches away from the invention. 

7. In conclusion, the problem solved by the invention and by the arrangements of D3 
and D4 is the same, namely scanning an image scene across a detector over time 
by means of an SLM. 

The invention solves this problem by using an SLM adapted to display and modify a 
pattern, said pattern being composed of a linear diffraction grating and of a chirp 
function, so as to cause the SLM, in use, to sequentially direct onto the detector light 
from a plurality of different angular or depth regions of the observed image scene. 
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Although it is generally known e.g. from D1/D2 that chirp functions on an SLM have 
the capability of shifting an image transmitted through the SLM either laterally or in 
the depth direction, this capability is exploited in D1/D2 only to perform accurate sub- 
pixel shifts so that e.g. correlation can be calculated with increased precision. 
There is no explicit indication in D1/D2 that said shifting capability could be also used 
to perform large image shifts and thus solve the problem considered and solved with 
other means (i.e. without the invention patterns being created on their SLM's) in D3 
and D4, as these documents neither disclose nor even only suggest generating chirp 
function and diffraction grating patterns. 

Therefore, the subject-matter of dependent claims 4-7 and 13-16, in combination with 
the subject-matter of the claims from which they depend, appears to be novel and 
non-obvious with respect to the disclosures of the available prior art. It is also evident 
that the invention is industrially applicable. 

The requirements of paragraphs (1) to (4) of Article 33 PCT are thus not met by the 
subject-matter of independent claims 1 and 12, and their dependent claims 2, 3, 8-1 1 
and 17, but would have been met by the subject-matter obtained by combining claims 
1 and 1 2 with their dependent claims 4-7 and 1 3-1 6. 



Re Item VII 

Certain defects in the international application 

8. The following defects have been noted in the present international application. 
At page 19, line 11, "have" should probably read "how". 
In figure 9, "parrallel" is obviously misspelled. 

In dependent claim 4, the term "substantially" is used twice but is considered to be 
vague, unclear and undefined: its use should have been avoided. 
In independent claim 12, there is no antecedent for "the controller" feature mentioned 
at line 6 thereof. 

Dependent claim 16 is defined as being possibly dependent from itself. 
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CLAIMS 

1. An optical assembly having an optical input, a spatial light 
modulator (SLM), a controller controlling the display of the SLM, and a 

5 detector; the controller being adapted to modify a pattern displayed on the 
SLM so as to cause the SLM, in use, to control the radiation incident 
upon the SLM from the optical input so as to direct onto the detector 
radiation from a selected surface or region in 3-D space in the scene that 
the optical assembly is observing. 

10 

2. An assembly according to claim 1 in which the controller is capable 
of controlling the SLM to direct onto the detector radiation from any 
notional surface or region in 3-D space in the scene that the optical 
assembly is observing. 

15 

3. An assembly according to claim 1 or claim 2 in which the radiation 
from the selected surface or region in 3-D space in the scene is focused 
onto the detector. 

20 4. An assembly according to any preceding claim in which the pattern 
exhibited by the SLM is programmed by a computer/controller and is 
capable of being changed rapidly. 

5. An assembly according to any preceding claim in which the SLM 
25 has a rate at which its display can be changed and the controller is capable 
of programming the pattern to change at substantially as fast a rate as that 
at which the display of the SLM is capable of being changed. 
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6. An assembly according to any preceding claim in which the pattern 
on the SLM is capable of being changed at least a thousand times a 
second. 

5 7. An assembly according to any preceding claim in which the pattern 
has a component composed of a substantially linear diffraction grating 
pattern and a component comprised of a substantially a chirp function. 

8. An assembly according to any preceding claim in which the 
10 controller has a library of possible linear and/or quadratic or higher order 

functions and a selected combination of linear and quadratic or higher 
order functions from the library are, in use, applied to the SLM. 

9. An assembly according to any preceding claim in which the 
15 detector comprises a line array of detector elements or a simple array of 

detector elements having an elongate length and the controller is adapted 
to control the display on the SLM to scan the scene image over the 
detector array in a direction generally transverse to the direction of the 
line array, or transverse to the elongate direction. 

20 

10. An assembly according to any preceding claim in which the 
controller is adapted to scan different angular portions of the scene 
(angularly disposed in azimuth and/or ascension relative to the optical 
axis of the assembly) by modifying the linear component of a combined 

25 linear function and chirp function. 

11. An assembly according to any preceding claim in which the 
controller is adapted to focus different depth regions of 3-D scene space 
over the detector by controlling the SLM to display patterns with different 

30 combined chirp functions. 
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12. A programmable focus element assembly which includes a 
programmable SLM capable of displaying light-modulating patterns which 
in use control the depth focus and direction from which light is focused by 

5 the lens assembly. 

13. The use of a linear grating and/or a chirp grating exhibited on a 
programmable SLM to control the part of a scene that is directed onto a 
detector. 

10 

14. The use of claim 13 in which points in 3-D space are sequentially 
in time directed, or focused, onto a detector, the SLM being programmed 
by the controller to direct, or focus, different points in space onto the 
detector at different times. 

15 

15. A method of directing a scene image onto a detector comprising 
using a programmed SLM to control the x-y part of the scene image that 
is directed onto the detector and/or the imaged plane of the scene in the z 
direction that is in focus, the scene-detector direction being in the z 

20 direction. 

16. A method according to claim 15 in which a chirp is applied to the 
SLM. 

25 17. A method according to claim 15 or claim 16 in which a linear 
grating is applied to the SLM. 

18. A method according to claim 15 or claim 16 in which the 
orientation of the linear grating and/or the spacing of the lines of the 
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grating are controlled so as to control the location of the region of the 
scene that is directed onto the detector. 

19. A method according to claim 16 or any claim dependent directly or 
5 indirectly on claim 16 in which the chirp is used to determine the distance 

from the detector of the plane in 3-D space in the scene that is focused to 
the detector. 

20. A method according to any one of claims 15 to 19 in which the 
10 display on the SLM is programmably controlled so as to scan the scene 

image over the detector over time, with the controller taking time-spaced 
records of what the detector detects. 



21. A method according to any one of claims 15 to 20 in which the 
15 programmed SLM compensates for aberration in an optical system. 



